DISCUSSION ON THE MANAGEMENT OF PROLONGED UNCONSCIOUSNESS
Professor E. A. Pask (Newcastle upon Tyne):
The Maintenance of Pulmonary Ventilation Coma is an anmsthetist's business, but I do not think we are concerned here with therapeutic coma. The patients in coma from poisoning, injury or disease with whom I have helped have naturally been those in whom respiratory inadequacy was suspected. This can fit into the general picture of the sickness in various ways. (1) The insufficient breathing may be specifically caused by the disorder which has also brought about the state of coma, for example, cerebral hlmorrhage involving the medulla. (2) The respiratory neurons may share in a non-specific way in the low level of excitability which seems to characterize the nervous system as a whole, in most forms of coma. There is now experimental evidence to confirm this well-established clinical impression. It seems that most conditions which block the flow of sensory impulses into the commerce of the central nervous system will probably also lead to a diminished excitability of the respiratory neurons; they may then respond less actively to chemical stimulation. It may be that proprioceptive impulses are of particular importance in this connexion. (3) The bad breathing may be due to a mechanical accident incidental to coma. Food, saliva, regurgitated intestinal contents and so forth, may have been inhaled into the air passages. The immobility of the patient and his diminished likelihood of coughing may have led to bronchial blocking and pulmonary collapse.
Coma is also often associated with poor circulation, with all its consequences for efficient breathing. (4) The poor breathing may be wholly or in part the cause of the coma. The bad breathing may be due primarily to mechanical or pneumatic causes, perhaps to a chest injury, neuromuscular disease, or an acute infection upon chronic bronchitis. The poor breathing causes a disturbance in the internal electrolyte and gaseous environment and, if this is severe, it often leads towards coma. I find it difficult to go farther than this, for though we can identify certain important factors which obviously go wrong when breathing is ineffective, I am not sure that we can yet say, with certainty, which of these factors lead the patient into coma. (5) The respiratory defect may in some way be a result of the state of coma. OCTOBER When the breathing defect becomes sufficiently severe, it may cause a deepening in the coma. If this happens we usually try to counteract the defective breathing and I think we should do so, but, though the coma may lighten as a result, the patient does not necessarily immediately recover consciousness.
When I am asked to see a patient in coma from disease I am often in very grave doubt whether or not the breathing is sufficient. The reasons for this uncertainty are many. The respiration may be very abnormal in its muscular balance or in its rate and rhythm. The physical signs elicited by auscultation, percussion and radiology will tell us something of the nature of the trouble, if it be due to disease of the chest, but they do not help me much to decide the important question of whether the functional defect is severe enough to menace life or to be regarded as a significant cause of unconsciousness. Cyanosis, which we regard as a certain sign of respiratory defect, may be strangely difficult to detect with assurance and, of course, its absence does not mean that breathing is sufficient. Then there is a curious difficulty which I think arises from seeing the patient too often and too long. These difficulties are illustrated by the following case.
A woman had been admitted to hospital with a diagnosis of virus pneumonia. For four days she remained alert. On the evening of the fourth day her breathing became jerky and irregular and finally failed as she fell into coma. Endotracheal intubation was easily performed and she was manually ventilated, using a bag and Waters canister, through the night. Next day the attending physician$ thought that she needed tracheostomy and artificial ventilation. Though some spontaneous respiration was present, it seemed to them insufficient to secure oxygenation unless she breathed pure oxygen. She was still comatose.
There seemed no doubt that the initial loss of consciousness owed something to the respiratory failure, but was her coma now due to bad breathing only, or was there some other cause as well? Her respiratory exchange looked to me sufficient. Because she had dry crusted lips, labial herpes and seemed a little jaundiced, I simply did not know whether she was cyanosed when breathing air. I think this kind of situation is not uncommon and we very much need the firm evidence of direct tests, but they must be quick and simple enough to use in the ward, if they are to be of real service to our patients. In Newcastle, we measure ventilation with a very simple book-form spirometer rather similar to that of MacKesson. Ours is made from polyvinal chloride plastic sheet. Its disadvantage is that though it is easy to wash, it cannot be sterilized by heat. If the risk of infection seems high, therefore, we arrange that the patient shall breathe in and out of a polythene bag contained within an airtight bottle. The cavity of the bottle then communicates with the spirometer. The polythene bag is a sandwich bag costing a few pence and is thrown away after a single use. Now, whatever any of us thought about the patient's breathing, her ventilation was soon established as more than 9 litres a minute and when a little carbon dioxide was given her breathing increased notably and she soon demonstrated to us a tidal volume of considerably more than a litre. This was information, but not enough. For some years now we have been using the technique of Plesch (1909) for obtaining a sample of gas in carbon dioxide equilibrium with the mixed venous blood. About a litre of oxygen in a bag is simply rebreathed, for something less than the main circulation time. We repeat this after an interval, usually three or four times, using the same sample of gas which has already reached partial equilibrium. This method has recently received support from Dr. Moran Campbell. Having about a litre of gas, we try always to save some for accurate analysis but at the bedside we expel some of the gas through a bubbling device into an indicator solution buffered with bicarbonate, a technique I first encountered in the work of Jones and Griffith (1944) though I feel sure that it is much older than this. We use a set of colour standards for bedside reference. Within minutes we knew that the carbon dioxide tension in the mixed venous blood was not more than 52 mm.Hg, and therefore that the arterial carbon dioxide tension was almost certainly not above 47 mm.Hg.
Arterial oxygen saturation we still determine upon a sample of blood obtained by arterial puncture. We analyse it by one of the many variants of Kramer's original photometric technique. Our own peculiar variant has only the virtues that it is quick, needs a small (1 ml.)
sample of blood and uses a relatively cheap colorimeter (Molyneux and Pask, 1955) . This estimation was done and the arterial oxygen saturation proved to be 97 %. Advances in medical procedure should not be judged by their effect upon the doctor's emotions and perhaps I am here giving too much weight to my own peace of mind. Nevertheless, I do believe that by giving us a surer basis for action, the people who have developed such simple and practical tests, and those who have taught us to interpret them, have made some of the most significant advances in this field in the last few years.
In the particular case I have been describing I felt, as a result of the tests, that the coma could no longer be attributed in any very. important degree to the defective breathing, that no tracheostomy should be performed, that the endotracheal tube and artificial ventilation had done their good work during the previous night and could now be removed. It turned out that this view was a profitable one for the patient.
If we find an important defect of breathing several questions immediately arise. First, can the defect be corrected by any artificial means available to us at present? If it can be corrected artificially, is there a real prospect that the natural functions will return and take over from the temporary artificial support? Under artificial means of the support of respiration we must include not only artificial respiration but all the physical measures which may be used to clear the air passages and reduce respiratory dead-space, as well as the administration of oxygen and of analeptics. There is no doubt that the benefits of tracheostomy alone provide sufficient assistance for some patients in respiratory distress.
My own interests have, however, been in the field of mechanical ventilation of the lungs. We have tried to concentrate our efforts on two types of respirator machine: those which can quickly be constructed and can be activated by a vacuum cleaner in an emergency, and those which are modest in size, cost and noisiness and which operate from an oxygen cylinder with a gas flow of less than 2 litres a minute. They can be used in the operating room as well as in the ward. We have tried to bear in mind the needs of the smaller and less well-endowed hospitals.
The general question might be phrased thus: "We have established that the patient suffers from bad breathing. If we could artificially improve this temporarily, would this contribute to the patient's ultimate recovery or remission ?" Sometimes this question can be answered from a knowledge of the natural history of the disease, but one is not always by any means certain of the full diagnosis when the decision has to be made. I think all would agree that in the crises of myasthenia gravis and in polyneuritis, temporary artificial aid to breathing does help toward remission. In other conditions we are still uncertain. For example, in the bad breathing and consequent coma which may occur when an acute infection supervenes upon chronic bronchitis, I still feel uncertain how often, or in what type of patient, temporary artificial respiratory aid can contribute to real remission.
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One reason for this uncertainty is that we have not always been whole-hearted in our attempts, so that the conclusion we drew from a particular case has to be indefinite. If we are to learn with certainty, we must create conditions in which temporary correction of the breathing defect can be achieved with certainty; or else that we shall surely know that we did not manage to do so. This may involve at least partial paralysis of the patient's own breathing muscles by relaxant drugs and it may involve also a willingness to apply necessary sedation when recovery of consciousness begins. In other words, it may be possible to secure adequate ventilation for the patient if he will drift with the tide and submit to the mastery of the artificial aid. If, however, he continues to attempt to breathe himself, the interaction of the patient and the procedure may result, not in collaboration, but in conflict. Naturally, we hesitate to undertake such drastic measures. They make heavy calls on medical and nursing effort, and the present policy of reducing the real resources available for running our hospitals may make them impossible. Again, such elaborate procedures inevitably have their own complications and incidental hazards.
Most important of all, we fear that they might be an unjustified cause of suffering to our patient. On this last point I believe we may have been too sensitive. Surely we may take confidence from the immediate equanimity and, very often, the later amnesia of patients paralysed with myasthenia gravis or polyneuritis, who are given artificial respiration. Again, patients with tetanus who rightly or wrongly have been treated with muscle relaxants, artificial respiration and only light sedation, are not seriously distressed.
If we could establish in which circumstances and for which patients temporary, adequate, artificially-aided breathing could contribute to remission, then we should try to withdraw from such elaborate procedures and try to discover whether simpler measures would servesufficiently.
In conclusion, when we deal with patients in coma whose breathing is bad, I think that making judgments is more difficult than taking action. We are especially indebted to the workers who have devised practical bedside tests of breathing efficiency and who have taught us to interpret them. There is much more work for them yet to Dr. Hugh Garland (Leeds):
The Treatment of Severe Tetanus My position in discussing the treatment of severe tetanus in a symposium on the treatment of the unconscious patient is a little anomalous.
UJnder no circumstances does tetanus produce prolonged coma, and such coma in a case of tetanus is always iatrogenic. Furthermore, when the patient with tetanus is treated by modem methods which produce total paralysis, we do not really know whether it is correct to say that he is unconscious, but many of the therapeutic problems which arise are common to those of prolonged coma whatever the etiology.
My experience is entirely limited to that of the Tetanus Unit of the General Infirmary at Leeds; this consists of an anaesthetist, a bacteriologist, a general surgeon and a neurologist, the anmsthetist being much the most important member of the team. During the past four years we have treated 23 patients, drawn from a very wide area in the north of England. There were 18 males and 5 females, of various ages from 4 to 79. In 10 of them the causative injury was unknown, and in only 7 was the tetanus bacillus recovered. No patient had had antitetanic serum before admission and, as far as we know, none had been actively immunized. Since my remarks are to be restricted to the treatment of severe tetanus, severity must be defined; I shall use this term only for those examples of tetanus in which complete paralysis was induced. This was produced in 13 patients, the other 10 being treated by various sedatives, and sometimes by tracheostomy. I shall now describe briefly those indications which we have accepted as the necessary criteria for the use of this maximal treatment.
The commonest indication for inducing paralysis is severe tetanic spasms which can no longer be controlled by drugs, such as chlorpromazine and mephenesin. Rigidity in itself is not, in our experience, an indication; rigidity is a variable finding from one patient to another and from time to time in the same patient, often reaching a severity-in the neck, for example-which is never seen even in meningitis. Other indications have been depression of respiration from the use of sedative drugs, pulmonary collapse, hyperpyrexia, and obstructive vomiting after jejunostomy. The interval between admission to hospital and the induction of paralysis has varied from two hours to six days.
Our practice is to give antitetanic serum immediately on admission, and we feel this is especially important in those patients in whom the source of infection is unknown. At the same time our impression is that antitetanic serum only prevents the further production of tetanus toxin, and there seems to be little or no evidence that it has any effect on established tetanus. It seems that tetanus is overcome by natural processes, in three or more weeks, and during this period treatment can only be aimed at keeping the patient alive. In only one case did we deliberately withhold antitetanic serum; this boy was treated with chlorpromazine intramuscularly for twelve days and was then transferred to another hospital for convalescence. Mild tetanus remained and about three weeks later he began to relapse to such a degree that complete paralysis became essential six and a half weeks after his first admission. We are still experimenting with the use of human serum from volunteers who have been actively immunized. At present there is no evidence that it is any more effective than horse serum but it eliminates the risks of anaphylactic shock, and the possible risks of producing jaundice are not considered to be serious. Human serum may also be of great importance as a prophylactic in a patient already sensitized to antitetanic horse serum.
Several drugs, all of the curare type, have been used for producing paralysis. We have abandoned Scoline, and we feel that all forms of intravenous therapy should be avoided if possible because of the serious and inevitable complication of venous thrombosis. We have recently used Laudolissin (laudexium methyl-sulphate) intramuscularly, the dose varying from 20 to 30 mg. The frequency of administration varies according to the severity of the tetanus, but is usually about two-hourly. The effect of this drug is to paralyse all voluntary muscle. It has no effect on the heart. During paralysis retention of urine and transient intestinal ileus are common, though there is no clear evidence that these are direct effects of the drug. When a patient is totally paralysed a serious problem arises as to his state of consciousness. Since he is entirely unable to express himself, it is impossible by any clinical means to know whether he is in any way aware of his surroundings. It may, in the future, be possible to make some assessment by the use of electroencephalography, but so far we have not found this to be a practical solution. The patient will, of course, have a tracheostomy, will be artificially fed either by an cesophageal tube or by gastrostomy, may have a continuous indwelling catheter, has to be turned with great frequency because of respiratory complications, and must be subjected to physiotherapy every few hours.
UJnder these circumstances multiple cranial electrodes would present a serious mechanical problem. Even if this could be overcome, someone expert in the interpretation of the electroencephalogram would have to be available con-stantly. We have not found the solution to these problems. Since, however, the patient may possibly be aware to some extent of what is going on, it is our practice to use continuous sedation, usually with fairly large doses of paraldehyde given by nasal tube or gastrostomy (5 to 10 ml. every two to three hours). All we can say in defence of this is that every one of our patients has had complete amnesia for the whole of the paralytic phase of his illness. Whether or not this would be true if sedatives were not used must remain uncertain. It is our custom to give chlorpromazine in fairly large doses, with other sedatives, immediately complete paralysis is stopped, but we must admit that chlorpromazine introduces complications of its own. We have twice seen mild parkinsonism appear, though fortunately it has disappeared rapidly after this drug was withdrawn. There is another important complication of chlorpromazine in heavy dosage-namely that the drug must be withdrawn slowly, otherwise the patient may develop epilepsy. Before we were aware of this 3 patients had fits within a few hours of the withdrawal of chlorpromazine, and 1 went into status epilepticus. Fortunately there does not seem to be any tendency for epilepsy to continue after the first day or two. Sudden withdrawal must also be avoided, for the same reason, if heavy dosage of various barbiturates is used.
Full curarization must always be preceded by tracheostomy and followed by continuous positive pressure respiration. Tracheostomy has also been carried out when full curarization was not necessary, and in retrospect we think there have been other patients in whom this could have been done profitably; experience has also taught us that in some patients tracheostomy should have been carried out much earlier. 13 were subjected to full curarization, but we think that this should have been applied to 2 others, and should have been instituted at an earlier stage in 4. All patients, whether curarized or not, require constant attention. Areas of pulmonary collapse arise frequently, but in our experience this is usually detected by clinical methods. In our earlier patients frequent X-ray films were taken, until we realized that we were exhibiting an undue amount of radiation which was frequently unnecessary. Chest radiographs are not taken now unless there are special indications, because of physical signs or an unexplained rise of temperature. In all patients chest physiotherapy is carried out by the nurse whenever the patient is turned and by the physiotherapist every four hours.
Feeding presents an immediate problem in almost every case of tetanus. After some early difficulties, arising through pharyngeal ulceration consequent on the use of an intranasal rubber tube, it became our practice to carry out gastrostomy as one of the first procedures. Later, because vomiting often developed, we tried the effect of jejunostomy, but we soon abandoned this because of the unpredictable effect it had on the absorption of drugs. There are those who condemn gastrostomy on the grounds of its being an unnecessary operation, and if modem polythene tubes have no tendency to produce ulceration this may be true; but in some patients one cannot decide at an early stage whether or not full curarization will be necessary, and without complete paralysis an intranasal tube is likely to be a serious irritant in provoking tetanic spasms. The decision whether to use an intranasal tube or to institute early gastrostomy is therefore still partly unsolved, and so far it has been our usual practice to carry out gastrostomy and tracheostomy at the same time, especially in the young. But whichever method is employed, a balanced diet of not less than 2,500 calories is given together with 2 5 litres of fluid daily. Vomiting is a fairly frequent complication of treatment, especially during the recovery phase, and even though the patient is having chlorpromazine. The dangers of vomiting are obvious, but they are largely overcome by the use of a cuffed tracheostomy tube. Constipation is common to all patients and, as in poliomyelitis, is probably a usual accompaniment of the disease itself. Much more serious is the development of intestinal ileus, for which careful watch has to be kept, the clinical index being the abolition of intestinal sounds. In 2 ofour patients ileus became a serious though not a prolonged problem.
Retention of urine is frequent and calls for the use of an indwelling catheter; but under continuous curarization the bladder often empties itself periodically, without distension, and this is especially true of young people. (Edema has been an almost constant feature, and has been seen in patients not totally paralysed. It is usually limited to the eyelids, but it may appear very early and become gross. Occasionally it has been seen in other positions, particularly about the sacrum, but we have reached no definite conclusion as to the cause of this oedema. It always disappears rapidly when paralysis, or other treatment, is stopped.
The use of antibiotics presents considerable difficulty. It is not surprising that these patients are always febrile, because they may well have had both tracheostomy and gastrostomy, not to mention the excision of a wound (which often has to be undergone after admission to hospital), together with very frequent intramuscular injections of drugs. Our early practice was to give intramuscular penicillin throughout but now we use no antibiotics unless there is some very clear indication such as rising temperature or leucocytosis.
It is our practice to carry out frequent laboratory tests. White-cell counts usually show a leucocytosis of moderate severity, but with considerable day-to-day variation. We have, however, seen leucopenia and even agranulocytosis, which in one patient was fatal. Owing to the complexity of treatment, the cause of agranulocytosis may not be certain, but we are satisfied that one causative agent is nitrous oxide, which we now never use and which was probably the major factor in one fatal example. Frequent red-cell counts and hiemoglobin estimations are important because anrmia can develop very quickly, and 7 of our 13 patients required blood transfusion. Daily biochemical assessments are essential during the paralytic regime, because unexplained changes have occurred from time to time and are to be the object of further study. For example, the blood urea is usually raised in the most severe cases. The serum potassium has varied from 3 to 8-5 milliequivalents in the same patient, for no obvious reason. The urinary sodium output is often very low, and this may in part be consequent on sweating, which is often a striking feature, although we nurse these patients completely naked.
With modem methods of treatment nobody dies of tetanus, but deaths resulting from the complications of therapy are still unfortunately frequent. Of our 23 patients 7 have died, 4 while being treated by complete paralysis and 3 while having sedation only; but perhaps we should consider all 7. These included both the youngest and the oldest patients. 1 boy died of asphyxia from a tracheobronchial cast and we felt in retrospect that this could have been avoided by suitable humidification of the air inspired; this complication has not been seen again. An old woman died on the thirteenth day of treatment of bronchopneumonia, and an old man died on the seventeenth day of aspiration pneumonia complicating vomiting. Of those dying during continuous paralysis, 1 boy died of agranulocytosis and septicemia on the twelfth day of treatment (this was the patient who had been treated for ten days with nitrous oxide). A middle-aged man died of pulmonary infarction complicating a femoral venous thrombosis. A young man died most unfortunately of a sudden and catastrophic haemorrhage resulting from ulceration of the tracheostomy tube into a major artery a disaster which we trust will not be repeated. One young woman developed hyperpyrexia, but the precise cause of death was never established even after autopsy and histological studies. It will be seen therefore that most of the deaths are theoretically avoidable.
Tetanus recovers completely, but we have seen occasional sequele. In one of our earlier cases it was found that the respirator was no longer working-though it appeared to be; as a result this patient was subjected to an unknown period of anoxia, and we were not surprised, when his treatment was completed, that he had intellectual deterioration. Fortunately his mental condition recovered completely in the course of a few weeks. We have also seen a precisely similar complication in a patient being treated by positive pressure respiration because of total paralysis from "acute infective polyneuritis"; she too made a complete recovery. 1 man had a prolonged phase of mild pyrexia, the precise basis of which was never established, though he ultimately recovered and returned to work at the coal face. 2 boys have developed contracture of the tendo achillis; 1 of them needed a corrective operation, but histological studies of biopsy material, including electron microscopy, failed to throw any light on the causation of the contracture. We carry out very frequent passive movements of all joints throughout treatment, but whether this will prevent the occasional development of contracture is uncertain. We have seen no other sequele.
Finally, it must be remembered that an attack of tetanus confers no immunity on the patient. Therefore it is essential to give active immunization, and the first injection of tetanus toxoid is given before the patient leaves hospital.
The modern treatment of tetanus makes very heavy demands even on the larger hospitals. We have found that the minimal accommodation necessary is a ward normally containing 4 patients. A team of 4 nurses has to be set aside immediately the diagnosis is made, and they may well do no other work but treat this patient for the next month. These nurses carry very considerable responsibility for such things as the giving of drugs and the use of suction. Three consultants see the patient several times a day, two of them being in almost constant touch, and an anmsthetist (of not less than registrar status) is always on immediate call by telephone. Frequent calls have to be made on a variety of specialists. We doubt very much whether any hospital other than a teaching hospital would be able to provide all these facilities. But 13 patients have recovered from severe tetanus and, of the other 10, only 3 were sufficiently mild to survive without elaborate treatment, and we have no hesitation in claiming that the lives of 13 patients, who would not otherwise have survived, have been saved.
Mr. Walpole Lewin (Oxford):
The Management of Prolonged Unconsciousness after Head Injury The duration of unconsciousness after head injury cannot be foretold at the outset with any accuracy. The essential aims of treatment, which will be outlined briefly in this communication, are therefore applicable to all major head injuries. It is not proposed to discuss the causes of prolonged unconsciousness, or the place of surgery in the group associated with cerebral compression from intracranial hlmatoma or cedema, but to concentrate on those medical and nursing problems associated with the unconscious state. By prolonged unconsciousness is meant a state where the patient remains in coma, or sufficiently unconscious to be unresponsive to speech and unable to swallow requiring artificial feeding, for a month or more. In practice this period divides the many patients who are unconscious for a week or so, and in whom recovery can be expected for the majority, from those patients with longer periods of unconsciousness and more serious implications. The prognosis in patients unconscious for long periods is difficult and in this paper the results of treatment of 102 patients unconscious after head injury for more than one month at the Radcliffe Infirmary, Oxford, and the Military Hospital (Head Injuries), Wheatley, Oxon, are summarized.
ESSENTIAL TREATMENT
The basic aims of treatment should be a free airway for twenty-four hours a day, maintenance of the blood pressure, control of the patient's temperature and a satisfactory nutritional state. The prevention and treatment of chest complications and the use of tracheostomy in these patients have been dealt with elsewhere (Lewin, 1959) .
If the blood pressure is allowed to fall then cerebral ischlmia may follow and its effects added to the existing brain damage. In one patient, for example, with head and limb injuries, a period of hypotension secondary to blood loss from a fractured leg was accompanied by the sudden onset of a left hemiplegia. At times the poor colour of a patient may be due more to a low blood pressure than an imperfect airway. Early and adequate blood transfusion where indicated or fluid replacement in others can transform not only the general condition but may lead to improvement in the level of unconsciousness and in the neurological disability. As a shortterm measure in some patients we have found the phenylethylamine derivatives (Methedrine) useful, but our experience with noradrenaline in unconscious patients with a falling blood pressure from head injury or brain-stem vascular lesions has been usually disappointing. Following the recent observations of Burn and Rand (1959) , it may be that a better result will be achieved in the future by restoring the blood pressure initially with noradrenaline and maintaining it with Methedrine. It is also necessary to control the temperature in these patients and in the early days hyperthermia is a common, and can be a fatal, complication. An attempt should be made to keep these patients nornothermic. In most instances simple measures suffice. The patient should be nursed in a cool room and covered by a single sheet. If the rectal temperature exceeds 100°F. (380 C.) , tepid or ice sponging should begin, and if the temperature does not respond an ice-water enema administered. These measures should begin early, since if the temperature is allowed to climb above 1020 F. (390 C.) it may not be reversible. Alcohol sponging and 1-2 grammes aspirin per rectum have also been advocated. If these measures are not adequate then chlorpromazine intramuscularly and the application of ice bags to the body surface are indicated. This essential need to control the temperature should be sharply differentiated from the particular treatment by hypothermia (see below).
From the outset these patients require an adequate amount of fluid, and after the first few days protein feeding should begin to offset the rapid protein catabolism with wasting which develops. Although a limited period of moderate dehydration may be advised for selected patients with raised intracranial pressure, routine limitation of fluid does more harm than good. We feed these patients through a small polythene or rubber gastric tube and aim at an average intake of 5 pints in 24 hours of milk and water with added glucose. Later a higher protein diet containing 100 grams protein with a caloric content of 2,200 is given, and in the third stage a 2,700 caloric diet with 130 grams protein.
SPECIAL METHODS OF TREATMENT
(1) Hypothermia.-The advance of anesthesia in the last ten years has stimulated further interest into the possibilities of hypothermia. A limiting factor in the surgery of the great vessels and of cerebral aneurysm is the sensitivity of the brain to anoxia. It has been shown in dogs that as the temperature falls so does the oxygen requirement of the brain so that at 300 C. the need is reduced by 55 % (Rosomoff, 1956) . Rosomoff also showed that ligation of the middle cerebral artery in dogs at 250 C. did not lead to massive infarction. One of the main uses of hypothermia in neurosurgery at the present time is in the surgery of subarachnoid hemorrhage. Laborit and Hugenard (1951) used hypothermia in some cases of severe head injury. There are several theoretical advantages. During the -dangerous early days of unconsciousness after head injury, hypothermia may minimize the added effects of hypoxia produced by cerebral cedema or secondary to respiratory difficulty, and thereby protect uninjured brain or damaged but recoverable brain. It is also known that as the temperature falls so does the intracranial pressure. Other beneficial side-effects which may be observed are that as the temperature falls hyperpncea and bronchial secretion lessen with consequent improvement in the airway; spasticity of the limbs passes off; and the risks of some metabolic disorders such as dehydration and alkalosis diminish.
On the other hand the observations of Knocker (1955) on systemic tissue injury under hypothermia and their similarity to the reaction to stress has to be remembered. Other complications of hypothermia, especially ventricular fibrillation, have also been described. These problems, however, are mainly associated with temperatures below 900 F. (32 2°C.) whereas the beneficial effects as they might influence head injury have been seen at higher and safer levels.
In the last four years we have selected 39 patients in coma from head injury for this treatment. The temperature has been maintained at a level of 900 to 950 F. (32-2-35°C.) for a period of five to six days using chlorpromazine and promethazine together with the surface application of ice bags (Lewin, 1957) . 22 of the 39 severely injured patients survived. Patients with added cerebral compression from intracranial clot or from severe contusion or laceration did badly and the quality of recovery in the survivors has not suggested so far that much has been gained by hypothermia in this group. On the other hand, of 17 patients with prolonged unconsciousness but without a severe compressing agent other than cerebral cedema, 11 survived and with one exception have gone on to make good practical recoveries. This is encouraging and at present we feel that hypothermia may have a place in the treatment of the patient who remains unconscious with decerebration, hyperpnoea and pyrexia from a diffuse cerebral injury.
(2) Hypertonic fluids.-Operation may be needed for some cases of cerebral compression. Medical measures to combat raised intracranial pressure from cerebral cedema have been practised for a long time. It has already been stressed that routine dehydration of the unconscious patient can do more harm than good but moderate dehydration for a limited period by restricting the fluid intake to 3 pints a day and administering a saturated magnesium sulphate enema, 6 oz. twice daily, can be valuable in the early days when the intracranial pressure is known to be high. Where a more rapid response is needed, 50 % sucrose intravenously has been used for many years but its subsequent reaction with a further rise of intracranial pressure has led to the trial of other substances. Hypertonic plasma, triple or quadruple strength (Hughes et al., 1938; Turner, 1941) , seems to be a satisfactory alternative, given rapidly in amounts of 100-200 c.c. Javid (1958) has recently reported favourably on the use of urea intravenously in lowering intracranial pressure following a suggestion of Fremont-Smith and Forbes (1927) .
(3) Drug therapy.-Acetylcholine is released into the C.S.F. after injury and, based on this, Ward (1950) reported favourably the use of atropine up to 1/10 grain subcutaneously for unconsciousness after head injury. In 1950 we treated a few patients with this method choosing those in whom further help was required, that is this group with prolonged unconsciousness of a month or more. Doses of up to 1/10 grain subcutaneously were injected and atropine was also injected into the cerebral ventricles in doses up to 1/150 grain. In these cases we saw no beneficial effects on the conscious level and the only changes seen were the peripheral effects of drying up of the bronchial secretions, temporary lessening of spasticity, and dilatation of the pupils. Hughes (1957) could find no correlation between the amount of acetylcholine in the C.S.F. and the depth of unconsciousness.
The use of chlorpromazine has already been mentioned in connexion with hypothermia. It can, however, relieve muscle spasm and diminish tonic fits, and is also thought to have an antiaedematous action and inhibit the reaction of the reticular substance. It can be used therefore on its own or in conjunction with promethazine and pethidine to control hyperpnoea and spasticity but we have not seen improvement as such in the unconscious state. COMPLICATIONS Metabolic Disorders.-Biochemical studies on a consecutive series of 76 patients unconscious after head injury revealed the frequency of metabolic disorders (Higgins et al., 1954) . Some are transient but others are serious. By comparison with their occurrence in other conditions there is no doubt they play an important part in the mortality of head injury. Their prevention and treatment are therefore important. Regular biochemical examination of the blood and urine is invaluable but simple ward tests can do much to recognize these problems early. A fluid balance chart should be kept and the urine examined daily for sugar and albumin, the chloride excretion measured by the Fantus test (an unreliable but rough guide) and the specific gravity taken. These tests, with periodic estimations of the blood urea, can indicate the need for a more formal biochemical study if abnormalities are found.
Water deprivation and alkalosis should be infrequent as the basic treatment of the unconscious state is better understood but disorders of sodium and chloride balance and renal uraemia remain major hazards. Inability to excrete the chloride ion with hyperchlornmia usually develops in the early days of the unconscious state and has been seen in all age groups. If recognized early it can be reversed by omitting sodium chloride from the diet and increasing the fluid intake. On the other hand excessive loss of sodium and chloride ion in the urine with the accompanying features of dehydration arises in the later weeks and usually in older patients. So far attempts to reverse this process by Eucortone, deoxycortone acetate and cortisone have failed but the condition, which may be protracted and unpredictable, can often be held in check by increasing the fluid intake and a high salt diet. When unrecognized, the condition leads to rapid wasting and decubitus ulceration.
Acute renal failure with tubular necrosis can follow severe head injury. In some instances the presence of multiple injuries, a history of previous renal disease or a phase of hypotension raises possibilities of several vtiological factors. But in other cases the evidence for a central cause is substantial. In a recent case of spontaneous intracranial heemorrhage in a boy aged 15, for example, where there were no other extraneous factors involved, renal failure developed within twenty-four hours with death on the eighth day. Hoff et al. (1951) and Cort (1953) have demonstrated experimentally by electrical stimulation of the brain a relationship between brain and kidney.
The possibility of renal failure, therefore, has to be borne in mind in the management of the unconscious state. Treatment to be effective has to begin early. Taylor (1957) from a study of these patients suggested that from a therapeutic point of view, patients who showed a blood urea level higher than 100 mg. % together with urine urea levels below 2 grams % should be considered as having a degree of renal failure and corrective treatment should begin. The simplest treatment consists of restricting the fluid intake to balance loss and the provision of a high-calorie, nonprotein diet by the administration of 10% or 20 % glucose solution by the gastric tube. In some of our earlier cases we used a polythene catheter into the inferior vena cava but were discouraged by the risks of thrombosis. Shaw (1959) , however, has reported greater success with this method. If the kidney function does not improve under these 882 Section of Medi'civne regimes, then the future clearly lies with the artificial kidney which undoubtedly will be used more in the future.
Another important metabolic disorder to consider if unconsciousness is prolonged is the change ofweight. In the early weeks these patients waste rapidly in spite of high protein diets, and unless care is taken, decubitus ulcers and progressive emaciation may develop. In addition to diet, repeated small blood transfusions have been found invaluable during this period. The androgens also have a place. Testosterone was used in the earlier cases but more recently we have found norethandrolone (Nilevar) very helpful in promoting protein anabolism. It is important to recognize, however, that this weight loss is normally limited to the early weeks. After six weeks, and particularly in younger patients, there is a tendency to obesity. A patient may gain several stones and this disadvantage in the setting of a paraparesis or hemiparesis is of course obvious. High-protein feeding, therefore, can be overdone and once the weight of the patient has returned to normal it should be maintained at that level by dietary means. Fortunately the gain of weight in many instances seems to be selflimiting and some of these patients who have been seen some years after the injury have lost much of their obesity.
Gastro-intestinal Complications.-Gastric and cesophageal lesions have been described for many years in association with intracranial diseases with unconsciousness. (Esophageal rupture, gastric and intestinal erosions with and without haemorrhage have all occurred. These complications are often terminal and there is little that can be done to prevent them. However, the possibility of treatment in isolated cases should be borne in mind. Fincher and Swanson (1949) described a successful case of suture of asophageal rupture, the physical signs of which have been described by Maciver et al. (1956) . In one of our cases a partial gastrectomy was successfully performed for severe bleeding from a gastric ulcer. In another case massive blood transfusion failed to save a patient unconscious one month after head injury who developed severe rectal bleeding. Autopsy showed a hlmorrhagic mucosa only.
Spasticity and Contractures.-One of the most important and most difficult items in the management of prolonged unconsciousness is the relief of spasm and the prevention of deformity. Physiotherapy is required for these patients from the outset, not only on behalf of the chest but for the limbs, and as a general rule they should be turned two-hourly night and day. Spasticity in the early stages can be helped by cooling the patient and the use of drugs as already indicated but these methods are of little use later on. Phenobarbitone, Benadryl and Myanesin all help the mild case from time to time but have no worth-while effect in the severe continuing spastic state. In addition to moving the limbs gently through their range every day, the most useful measure to prevent flexion deformity is to nurse the patient on his face. This is always possible after the early days are over even with a tracheostomy, and we now look on this posture as an essential feature of treatment. UTltimately these patients spend several hours by day and night lying prone. The weight of the limbs and the stimulus of the extensor thrust in this position does more than any manipulative physiotherapy to minimize contracture. In some later cases weights may be suspended from the heels for short periods only but our experience with corrective plasters or more formal traction in frames has been uniformly disappointing and carries considerable risks of skin ulceration. A further useful measure is to get these patients out of bed as soon as it is practicable. A chair can be adapted to support them and even attempts to stand these patients supported on each side all help to develop the extensor thrust and prevent contractures.
Heterotopic Ossification. -Calcification and ossification in the soft tissues in association with various neurological conditions such as tabes dorsalis, syringomyelia, poliomyelitis and paraplegia is well known. Our attention was drawn to a similar occurrence in some cases of prolonged unconsciousness after head injury when seeking for an explanation of why some patients developed increasing stiffness of certain joints, particularly the shoulder, elbow, hip and knee, It may remain mild and self-limiting but at times can be severe and progressive. Its recognition is important since vigorous physiotherapy in an attempt to overcome the stiffness can only make matters worse. Our practice, therefore, is to X-ray suspicious joints from time to time if it is thought that this complication is a possibility.
RESULTS
Although the outlook for a patient is always serious as long as he remains unconscious, it is also true that some patients can survive long periods of unconsciousness and make practical recoveries. As a general guide the results in our series of 102 patients, who have remained unconscious after head injury for periods of one to sixteen months, may be mentioned briefly. 63 survived and 39 ultimately died. Of the 63 survivors, 19 recovered sufficiently to return to their former work and scholastic level. To take two examples, one patient went on to take G.C.E. in seven subjects successfully and another patient successfully managed a university teaching course with commendation. A further 29 patients made practical recoveries so that they were back at work or working in their homes, although with some mental or physical disablement compared with their pre-accident status. A practical recovery took place therefore in 76 % of the survivors. 15 patients were left severely disabled and although 9 of them returned home and some to work in sheltered workshops, the price of survival was a heavy one.
If a good recovery is to be made, then some improvement is to be expected within one month of injury. This is not to say that consciousness will have been regained, but at least there should be more response to pain, the spasticity beginning to pass off and the limbs moving purposefully at times, and the pupils reacting to light. The longer the period of coma the worse the prognosis. During this period of unconsciousness, degeneration in the nervous pathways secondary to the injury is going on and serial air studies can be valuable in assessing the degree of change and in the light of experience the likelihood of a practical recovery. We have not seen a patient recover who has shown a gross and progressive ventricular dilatation as the weeks go by.
A final word should concern the families of patients who are unconscious for long periods. The situation can be a difficult one to sustain. It is important to see the relatives at regular intervals and to encourage them gradually to take up their normal lives again so that a whole family is not needlessly disrupted whilst the patient remains many weeks in hospital unconscious. Should the patient recover he will need a good deal of help at home for many months to come and it is essential that he returns to an integrated and above all a rested family and one not worn out by months of vigil.
It is clear that the management of prolonged unconsciousness is no longer a matter of waiting to see what the outcome will be. There is a good deal of active treatment to plan during the acute and later phases, both preventive and corrective; and expert nursing needs to be continued for many weeks. -There are naturally many disappointments but it is important to remember that a number of these patients can survive and make practical recoveries.
